Introduction
E-waste is a short form of electrical and electronic waste, also known as electronic waste or waste of electrical and electronic equipment (WEEE), this term is used to describe an electrical and electronic equipment (EEE) that had obsolete or end of life (EOL) [1] . There is no generally accepted definition of e-waste around the world. However, e-waste is often misunderstood as classified only computer and related IT equipment [2] . It is universally understood as disposed of electronic wastes by their consumers and these include a wide range of products, from simple design to complex devices [3] .
E-waste has been categorized into three main categories, Large Household Appliances such as refrigerator and washing machine, IT and Telecom such as PC, monitor and laptop and Consumer Equipment such as television and DVD player [4] . E-waste commonly comes from various resources [5] : 1. Residue or leftover materials from electronic products manufacturing process; 2.
Leftover parts or materials, or discarded electrical and electronic equipment generated from a repair shop; 3. Obsolete electrical and electronic equipment coming from governments, companies, and other facilities; 4. Obsolete electrical or electronic products mainly from households; 5. Obsolete electrical or electronic products brought in by smuggling.
In the total e-waste flow, electronic IT category equipments contribute to a greater extent compared to other categories because of their short life cycle with average of 3 years compare to the household equipments that having an average life cycle of 10-12 years [6] . Fig. 1 shows some examples of e-waste found in Malaysia landfill areas. Component of e-waste is very diverse and differs between electrical and electric products which may contain more than thousand different substances, which may fall either under hazardous or non-hazardous types [7] . But, many substances contained in e-waste are considered hazardous waste [8] .
(a) (b) Fig. 1 Example of e-waste in Category 3 (ICT): (a) used mobile phones and (b) used monitors.
[9]
In production of electronic and electrical appliances, there are many sources that been used, it can be either natural or synthetic materials. For example, for proposes of manufacturing of electronic equipment metal such chromium which is naturally occurring substance is relatively harmless in nature [10] . However, with improper disposal it becomes harmful due to its toxicity that can affect human health and the environment [11] . With combination of these substances, together with smelting and burning of waste, causes local air pollution and activities from acid bath stripping will contaminate ground and surface water [10] . These toxins also pose potential health problems including lung disease, lead poisoning and cancer.
Production of E-waste
The quantities of e-waste generated in Malaysia according to the Environment Quality Report by DOE shown in Fig. 2 . These amounts of e-waste generated from 2006 to 2011. As shown, the quantities of e-waste are slightly increases year by year. This is caused by the rapid increased of the EEE amount produced and imported into Malaysia as well as the increase of development of a growing its technology. 
E-waste Composition
E-waste contains precious materials such as silver and gold, hazardous material such as cadmium, chromium, lead and mercury, and also non-ferrous metals such as aluminum and cooper. If the hazardous compounds in e-waste not recycle properly, it will bring a serious impact to human health and environment. In the electronic devices, the mainly components that made from toxic metals and chemicals are such as chromium, mercury, cadmium, lead, beryllium, phthalates, polyvinyl chlorides (PVC), brominated flame-retardants and antimony. Exposure in long term to these substances can damages the physiological system in human body such as endocrine system, reproductive system and nervous system. Currently, most of these devices end up in landfill sites with no proper treatment because of the lack of segregation mechanism. Furthermore, over that 90% of these wastes were sending to the landfill while in other countries, a large fraction of these wastes from households end up in the waste incinerators [4] . From this melting or unscientific burning of computer chips, the acids and sludge that obtained and when it disposed on to the ground can causes soil acidification, leads to contamination of the water sources. When e-waste has been incinerated, the toxic fumes will produce pollution to the ambient air. Non-proper recovering and recycling methods can gives major impact on the environment and can affect to our health. Crude forms from dismantling are often expose the employees to the harmful substances as most of the employees are not aware of the effects of the detrimental substances in these wastes to their health and also as they do not wear protective equipment [4] . The toxic compounds in the materials that present in the equipment can be health as well as environmental hazards. Mercury for example, will leach when certain electronic device such as circuit breakers are destroyed. Furthermore, the leaching of mercury induces problems, the vaporization of methylene mercury and metallic mercury is also a huge concern [4] . Because of lack of facilities, improper waste management and value recovery methods not exist for managing the waste, the wastes are imported from developed countries to developing countries is created [5] . Fig. 3 shows the average composition of material in e-waste. It was found that the main compositions of e-waste are plastics, copper, refractory oxides and iron.
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E-waste regulations
In Malaysia, all environmental issues are controlled by the Department of Environment (DOE) under the Ministry of Natural Resources and Environment (NRE) [13] . [13] . However, these Regulations do not directly deal with e-waste that came from households. Before year 2005, DOE was not recognized e-waste as waste that can bring bad effects to human's body and the environment. After e-waste analyzed and discovered that it containing hazardous substances such as lead, cadmium and mercury, it has become an issue because of its inappropriate system of management. With the enforcement of EQSWR 2005, e-waste is not allowed to dispose by any person into landfills [3] . The wastes shall be recycled and recovered at prescribed or licensed premises while disposal must take place at prescribed premises only and must be carried out in an environmentally sound manner [9] .
A set of guidelines known as the Guidelines for the Classification of Used Electrical and Electronic Equipment, has been issued by DOE. The scope of E-waste in these guidelines is to assist parties such as waste generators, waste importers or exporters and relevant authorities involved. These guidelines were issued in January 2008 and they have identified the different categories of Ewaste and specified the characteristics of E-waste. Currently, this guideline only distinguishes between E-waste and non E-waste. These also specify the criteria for the import and export of used electrical and electronic equipment or components that are not categorized as E-waste. Waste categorized as E-waste is not allowed to be imported without approval from the Basel Convention.
There are two main types of E-waste generators mentioned in these guidelines but only from the industries is managed well. These guidelines do not provide any information on how users in Malaysia should manage their e-waste at the end of the product's lifespan. Essentially, these guidelines could have served as an information tool to inform electrical and electronic consumers on how to identify which product qualifies as E-waste and which does not. In addition to this, the guidelines could also present the government with alternatives on how to achieve higher levels of reuse and recycling of E-waste, and ultimately to reduce the generation of E-waste [15] .
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E-waste management
Usually users do not immediately discard or recycle unused electronics since they think that the products still retain some value [3] . According to USEPA (2000), more than 70% of retired CEDs are kept in storage for 35 years [16] . The fact that the storage method was chosen rather than the disposal or reuse of the old technology is a crucial factor. This highlights lack of awareness on where to dispose of old technology and psychological factors such as belief that e-waste has some value [3] . There is already a proper management of e-wastes generated from industries. Industries can send their e-wastes to the recovery facilities licensed by the DOE. In Malaysia, there are 138 e-waste recovery facilities currently as shown in Table 1 . Only 16 out of the facilities are for the full recovery and others are the facilities for partial recovery [12] . However, the main technology employed to e-wastes recovery in terms of precious metals is still limited to electrolysis and wet chemical processes [17] . Currently all of the e-wastes recovery facilities in Malaysia are built and operated by private companies [18] . Generally the industries or e-waste generators will be paid by the e-waste recovery facilities when they send the supply of e-wastes to the facilities [19] .
The Department has conducted co-operations with the National Solid Waste Management Department (NSWMD) on how to collect the e-wastes from the residential areas effectively [21] . For a start the public users can send their e-waste to the e-waste collection centers that addressed in the DOE's website. These collected wastes are limited to used mobile phones, mobile phone's batteries and their accessories, computers and their accessories, as well as television sets [12] . These collection centers are currently managed by the solid waste concessionaires or local authorities [19] . E-waste management flow chart in Malaysia from both industries and household is shown in Fig. 4 and Fig. 5 shows the detail of household E-waste management. 
Technology related to E-waste recycling
The important steps in recovery of E-waste are dissolving, separate and collect. There are many methods to dissolving and the most popular method is leaching using sulfuric acid. Even though there are many method in dissolving, as an engineer we should find the best methods by considering the parameters such as temperature, particle size, pouring density and so on. First step in recycling process is manual dismantling, which enable the recovery of whole homogenous parts that may will be valuable, recyclable or reusable, such as whole components, plastic, glass or metal parts, and hazardous component that require further special treatment, such as batteries, waste motor, mercury containing components, LCD and CRT-glass [19, 20] . Further liberation and size reduction of the recyclable materials, such as PCBs, is usually achieved by some kind of crushing process or shredding [21] . Typical recycling process can be seen in Fig. 7 .
Fig. 7 Typical recycling process
After the size has been reduced, the material are sorted into defined output fractions based on their specific physical characteristic, such as size, weight, density, shape, as well as magnetic and electrical characteristic. Normally shorting process used are magnetic separation of ferrous parts, screening, eddy current separation (electric conductivity) of non-ferrous metals such as aluminum and copper, and gravity or density separation (water and airflow table, sifting, heavy mediafloating) of plastic. After that, metallurgical processes are performed to upgrading and refining of metal containing fraction. Both pyrometallurgical process in which the metals are melted, and hydrometallurgical processes which the metals are dissolved, reused and often in combination [21] . In the last two decades, Pyrometallurgical processes in copper smelters followed by electrolytic refining has become the regular method to recover non-ferrous metals, precious metal and also other valuable metals, from the e-waste [22] . The main step in hydrometallurgical processes are consist of a series of acid or caustic leaching of solid material, which typically requires a small grain size to increase the yield of metals [21] .
Issues in E-waste in Malaysia
Electronic and electric device are commonly made from many types of components, some of the components containing toxic substances that can gives effect to environment and human health if not properly handled. Frequently, these hazards appear due to the use of not proper disposal and recycling processes. It can have serious repercussions for those in proximity to places where e-waste is recycled or burnt. Waste from the white and brown goods is less toxic as compared with grey goods. Generally, a computer contains highly toxic chemicals like cadmium, lead, mercury, BFR, beryllium, phosphor and polyvinyl chloride compounds. Table 1 shows the environment and health hazards effect from the E-waste. In the E-waste in the computer category, there is many hazard materials such as Lead, Mercury, Cadmium and PAH (Polycyclic Aromatic Hydrocarbons) [17] . These hazard materials can affect the environment and our body.
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International Integrated Engineering Summit 2014 Currently, there is no mechanism on a proper segregation or disposal system to encourage the public to recycle and discard their e-waste. Continued generation of e-waste over time, together with lack of structured mechanisms of institutional framework and inadequate infrastructure, results in improper e-waste management. Even though at present electrical or electronic appliances are rarely disposed of indiscriminately, with little regulation in place this has created hazards to the local population as well as the environment [14] .
The level of awareness of the hazardous compounds in E-waste is very low in Malaysia [10] . The consumer awareness of hazardous household waste constituting an environmental problem has sometimes been rather limited. The stakeholders thought that the hazardous waste ought to be sorted out, but several of them found that it was an issue that they had so far not considered. Of the same reason most of them had not considered how their institution or company might be part of this future system themselves [23] . Issue of financing is also one of the biggest obstacles, most of the consumers currently unwilling to pay for environmental costs related to household waste [3] .
Conclusion
Although Malaysia has a specific law governing both municipal wastes and scheduled wastes, the related regulations and guidelines that directly deal with e-waste are not yet well established. These regulations mostly focus on the practices of E-waste management by industries. Awareness on ewaste has increased in the industrial management context and this can be seen from 2005 when ewaste was first introduced in EQSWR 2005. However, the level of public awareness is still low as people are still disposing E-waste same as other household wastes, storing E-waste in their premises, and giving E-waste to scrap collectors.
Malaysia can learn from other developed countries such as United State and Japan about their management of E-waste. Several techniques and technologies can be adapted to improve the existing E-waste management in Malaysia. If Malaysia can implement better technology, E-waste
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recycling could be industry that can enhance the development of this country and able to provide a lot of employment opportunities for Malaysians. Therefore, research and studies regarding of Ewaste recycling and management are required to overcome this problem.
